Introduction
============

An association between excessive clotting disorders and nephrotic syndrome (NS), which is characterized by heavy proteinuria, hypoalbuminemia, hyperlipidemia, and edema, has been shown for years.[@b1-ccrep-9-2016-103]--[@b3-ccrep-9-2016-103] The exact pathogenesis of such a relationship is poorly understood. However, it is likely to be precipitated by hypercoagulable states mediated by the increased synthesis of thrombosis-promoting factors as well as the preferential loss of proteins involved in the systemic hemostatic cascade resulting from the disease.[@b3-ccrep-9-2016-103] Therefore, pharmacological control of blood coagulation has been an imperative therapeutic option among nephrotic patients with overt thromboembolism, although no optimal strategies including the therapeutic regimens have been established.[@b3-ccrep-9-2016-103] In the current report, we describe our experience with a case of NS due to focal segmental glomerulosclerosis in a patient complicated by acute pulmonary embolism (PE) and intracranial bleeding because of traumatic brain injury (TBI). The association between the NS and PE has been a well-described entity[@b4-ccrep-9-2016-103],[@b5-ccrep-9-2016-103]; however, there is a paucity of literature on nephrotic patients concurrently complicated by thromboembolism and such a hemorrhagic event. Several conundrums regarding the anticoagulation that emerged in this case are also discussed. The patient has given her consent for publication of this report.

Case Report
===========

A 76-year-old female was admitted to our hospital complaining of progressive swelling of her lower extremities. Two months prior to this admission, the patient had recognized the leg swelling when she was found to have a reduced serum albumin (Alb) level of 3.4 g/dL and 2+ proteinuria at another hospital, despite having no apparent history of renal disease. Thereafter, the symptoms gradually worsened, and she was subsequently referred for a further workup. Other medical histories included hypertension and hyperlipidemia, which had been treated by her general practitioner with olmesartan medoxomil and rosuvastatin for more than a year.

At the time of admission (clinical day 0), she had gained 5 kg in the previous two months, bringing her weight to 63.3 kg. Laboratory examinations revealed the following results: white blood cell count, 5,300/µL; hemoglobin, 11.2 g/dL; platelet count, 23.0 × 10^4^/µL; prothrombin time (PT), 10.9 seconds (control value: 11.5); active partial thromboplastin time (APTT), 27.0 seconds (control value: 29.9), blood urea nitrogen, 20 mg/dL; creatinine (Cr), 1.2 mg/dL; total protein 4.8 g/dL, Alb, 2.1 g/dL; C-reactive protein, 0.01 mg/dL; immunoglobulin (Ig) G, 375 mg/dL; IgA, 212 mg/dL; IgM, 282 mg/day; anti-double stranded deoxyribonucleic acid antibodies, 1.5 IU/mL; fibrinogen degradation product, 2.4 µg/mL; and d-dimer, 11.3 µg/mL. A 24-hour urine specimen contained 4.5 g of protein with a Cr clearance of 37.6 mL/minute. A diagnosis of NS was made, and the patient was scheduled for renal biopsy three days later. She was empirically subjected to intravenous unfractionated heparin at a dose of 10,000 U/day (7.2 U/kg/hour) as prophylactic anticoagulation, which was continued until 5 hours before the procedure.

The patient was in a good state during the 26-hour post-procedural bed rest without the use of any kind of sequential compression devices, while she suddenly fainted and collapsed just after the first ambulation, resulting in falling backward and striking the back of her head. A few minutes later, her consciousness fully recovered spontaneously with a blood pressure of 131/85 mmHg when she displayed tachypnea with an oxygen saturation below 90% while breathing ambient air. She was then started on a non-rebreather mask with an oxygen reservoir bag flowing at 10 L/minute. Urgent brain computed tomography (CT) showed subarachnoid hemorrhaging with a left frontal subdural hematoma ([Fig. 1A](#f1-ccrep-9-2016-103){ref-type="fig"}), and subsequent contrast-enhanced diagnostic CT revealed bilateral thrombosis of the pulmonary arteries ([Fig. 2A and B](#f2-ccrep-9-2016-103){ref-type="fig"}), despite the absence of venous filling defects in the abdominal veins and the lower limbs. An urgent laboratory analysis revealed a platelet count of 13.7 × 10^4^/µL and [d]{.smallcaps}-dimer of 51.2 µg/mL, while echocardiogram revealed right ventricular enlargement with an increased estimated pulmonary artery systolic pressure of 55 mmHg. We then decided to prioritize the treatment of the PE under multidisciplinary collaboration involving cardiologists and neurosurgeons. Intravenous unfractionated heparin was resumed just after the radiological confirmation of the diseases, and the patient was transferred to the intensive care unit for close monitoring of her clinical status.

Despite the expansions of the left frontal contusion demonstrated by repeat brain CT examinations 6 and 24 hours later ([Fig. 1B and C](#f1-ccrep-9-2016-103){ref-type="fig"}), the patient did not manifest any neurological deficits. We thus continued the heparin with a titrated dosage ranging from 10,000--13,000 U/day (7.2--9.3 U/kg/hour) with close monitoring of neurological signs under the supervision of experienced neurosurgeons, and her APTT was sequentially monitored on a regular basis, showing variations from 42.0 to 75.3 seconds, which corresponded to 1.4 to 2.5 times the control values. The heparinization was switched to warfarin (3 mg/day) on clinical day 8, delivering a PT-international normalized ratio of 1.7 to 2.5, and subsequent brain CT examinations performed on clinical days 11 ([Fig. 1D](#f1-ccrep-9-2016-103){ref-type="fig"}) and 17 ([Fig. 1E](#f1-ccrep-9-2016-103){ref-type="fig"}) showed gradual improvement in the intracranial lesion. Her NS was finally ascribed to pathologically confirmed focal segmental glomerulosclerosis. Another session of contrast-enhanced CT performed on clinical day 18 revealed the disappearance of the thromboses ([Fig. 2C and D](#f2-ccrep-9-2016-103){ref-type="fig"}), and thus, oral prednisolone (PSL) at 40 mg/day was commenced 2 days later when she was no longer dependent on the oxygen administration. Repeat brain CT performed on clinical day 33 showed the resolution of the contusion ([Fig. 1F](#f1-ccrep-9-2016-103){ref-type="fig"}), while at 1 month of follow-up, she was still being treated with oral PSL (30 mg/day) combined with the warfarinization, having reached partial remission with a 24-hour urine protein level of 1.3 g and marginal improvement in the serum Alb level to 2.2 g/dL. The patient was transferred to the regional geriatric hospital on clinical day 47.

Discussion
==========

PE is a major phenotype of NS-associated thromboembolism.[@b1-ccrep-9-2016-103]--[@b3-ccrep-9-2016-103] The prevalence of the disease in nephrotic patients has varied among studies, ranging from approximately 0.2% to 30%.[@b2-ccrep-9-2016-103] A considerable number of nephrotic patients with PE are asymptomatic,[@b4-ccrep-9-2016-103],[@b5-ccrep-9-2016-103] while awareness of several characteristic manifestations including dyspnea, tachypnea, chest pain, palpitation, cough, and hemoptysis may reduce diagnostic delays.[@b6-ccrep-9-2016-103],[@b7-ccrep-9-2016-103] Occasionally, patients with the disease may present with syncope,[@b8-ccrep-9-2016-103],[@b9-ccrep-9-2016-103] which is defined as an abrupt transient loss of consciousness with loss of postural tone.[@b10-ccrep-9-2016-103] Arrhythmias resulting from right ventricular overload and a vasovagal reflex as well as right ventricular failure and impaired left ventricular filling, leading to a reduction in cardiac output, arterial hypotension, and reduced cerebral blood flow, have been regarded as pathogenic bases of PE-mediated syncope.[@b8-ccrep-9-2016-103],[@b9-ccrep-9-2016-103] We feel it is still challenging to associate such a sign with PE,[@b11-ccrep-9-2016-103] although some studies have revealed that 10%--20% of patients with the disease have significant hemodynamic instability that manifests as either shock or syncope,[@b11-ccrep-9-2016-103],[@b12-ccrep-9-2016-103] indicating that syncope as an initial sign of PE is not uncommon at all.[@b11-ccrep-9-2016-103] In this regard, the clinical scenario characterized by a set of events including NS, syncope, and PE may not be surprising. However, the significance of the present case should be evaluated carefully in terms of the concurrent syncopal event-mediated intracranial hemorrhage requiring serial radiological monitoring during anticoagulation.

Patients with acute intracranial hemorrhage who concomitantly develop clinically apparent PE should present a distinctively difficult therapeutic dilemma, since they are perceived to be at substantial risk for the progression of the embolic disease in the absence of treatment and for aggravation of the hemorrhagic lesion if treated with anticoagulants.[@b13-ccrep-9-2016-103] This obliged us to weigh the risks and benefits of several therapeutic options for the current patient. One may argue that the placement of an inferior vena cava filter might be a candidate, since it can be indicated in subjects contraindicated for anticoagulation.[@b14-ccrep-9-2016-103] Such filters may be effective in reducing the likelihood of PE; however, they increase the subsequent incidence of deep vein thrombosis and have not been shown to increase overall survival.[@b15-ccrep-9-2016-103] Furthermore, these kinds of devices do not address propagating the thromboembolic burden, and thus a considerable portion of patients may ultimately rely on pharmacological anticoagulation.[@b16-ccrep-9-2016-103] In the current case, the persistence of a presumable hypercoagulable state due to NS as well as our failure to confirm deep venous thrombotic lesions, despite the limited sensitivity and specificity of the diagnostic imaging modality,[@b6-ccrep-9-2016-103],[@b17-ccrep-9-2016-103],[@b18-ccrep-9-2016-103] discouraged us from adopting this procedure. A number of patients with intracranial hemorrhaging due to TBI require anticoagulation for various indications; as such, the use of anticoagulants in this setting may not necessarily be contraindicated.[@b19-ccrep-9-2016-103]--[@b22-ccrep-9-2016-103] Low-dose heparins have been recommended as prophylactics for venous thromboembolism among some hemorrhagic stroke patients with limited mobility in the practical therapeutic guidance[@b23-ccrep-9-2016-103]; however, data on TBI patients who have received therapeutic anticoagulation in the postin-jury period are extremely scarce, and no consensus has been reached regarding the optimum regimen, including the appropriate timing, preferred agent, and dosage, for therapeutic anticoagulation in this population.[@b19-ccrep-9-2016-103] Indeed, while a survey of deep venous thrombosis management among patients with TBI in acute trauma hospitals revealed a number of therapeutic strategies, neither the timing of starting anticoagulation nor the effect on bleeding was mentioned.[@b20-ccrep-9-2016-103] Some patients with traumatic intracranial bleeding may be able to successfully receive therapeutic anticoagulation under close monitoring with serial brain CT scans, which help confirm the stability of the hemorrhagic focus,[@b21-ccrep-9-2016-103] but some patients may still suffer from progression of hemorrhagic TBI due to therapeutic anticoagulation, despite the absence of any signs of neurologic deterioration.[@b22-ccrep-9-2016-103]

The validity of our therapeutic and operating policies for the PE complicated by hemorrhagic TBI applied in the current patient remains to be delineated, although the fact that our patient recovered favorably from the disease without any signs of neurological compromise despite the transient hemorrhagic progression of the brain contusion after the institution of anticoagulation may imply the feasibility of the warfarinization as well as the heparinization among select patients with traumatic intracranial hemorrhagic lesions. Our observation does not substantially clarify the safety profile of these kinds of therapeutics, and we are still dependent on anecdotal experiences or expert opinions.[@b19-ccrep-9-2016-103]--[@b22-ccrep-9-2016-103] Needless to say, carefully weighing all of the options and potential outcomes on a case-by-case basis is necessary to balance the risks and benefits of the procedure. Obviously, the accumulation of experience from a larger number of patients similar to our case should be needed to establish appropriate strategies for the overall management of NS-mediated thromboembolism with various bleeding complications. At present, the use of target-specific oral anticoagulants such as rivaroxaban, apixaban, and dabigatran, in this situation, may not be appropriate because of the insufficient availability of their antidotes.[@b24-ccrep-9-2016-103] However, considering their novel characteristics, which allow for a fixed-dose regimen without routine laboratory monitoring, we believe that the application of these agents will function as a tremendous step forward in our ability to pursue attractive anticoagulation therapy, even in nephrotic patients, with steady assessments.[@b24-ccrep-9-2016-103],[@b25-ccrep-9-2016-103]

In the present patient, whether the original thrombus in the pulmonary arteries formed before or after the start of the initial heparinization as prophylactic anticoagulation remains unclear, although we believe that immobility due to bed rest during hospitalization, especially after the renal biopsy, might have predisposed our patient to the disease.[@b12-ccrep-9-2016-103],[@b26-ccrep-9-2016-103] Considering the significant bleeding risk with renal biopsy,[@b27-ccrep-9-2016-103] no one would argue against our decision to stop the heparinization to facilitate the procedure. Instead, our policy may invite criticism because of the controversy regarding prophylactic anticoagulation among nephrotic patients with glomerulopathies other than membranous nephropathy.[@b28-ccrep-9-2016-103],[@b29-ccrep-9-2016-103] However, the risk of venous thromboembolism may be significant even in patients with focal segmental glomerulosclerosis,[@b30-ccrep-9-2016-103]--[@b32-ccrep-9-2016-103] and the low rate of reported adverse events with therapeutic anticoagulation as well as our patient's markedly decreased serum Alb levels encouraged us to pursue pharmacological prophylaxis as practiced in the ordinary clinical settings.[@b28-ccrep-9-2016-103],[@b29-ccrep-9-2016-103],[@b32-ccrep-9-2016-103] While the clinical scenario of the current case prevents evaluation of the significance of prophylactic anticoagulation, which was done before the renal biopsy, this case may otherwise emphasize the need for a periprocedural strategy for thromboembolic prophylaxis, which remains an unresolved clinical issue in the field of nephrology.
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![The findings of the serial brain CT examinations. An urgent study (**A**) just after the blow to the right occipital area of her head (arrowhead) shows subarachnoid hemorrhaging with left frontal subdural hematoma (arrow). The following studies 6 hours (**B**) and 24 hours later (**C**) demonstrate exaggeration of the left frontal contusion (arrow) and further expansion of the contusion into the intraparenchymal hematoma (arrowhead), respectively. Thereafter, gradual improvements in the size of the hematoma (arrowhead) are noticed on clinical days 5 (**D**) and 11 (**E**). Disappearance of the hemorrhagic lesion marked by an area of hypodensity (arrowhead) is shown on clinical day 33 (**F**), indicating the resolution of the contusion.](ccrep-9-2016-103f1){#f1-ccrep-9-2016-103}

![The findings of chest CT angiogram. An initial study (**A** and **B**) shows intraluminal thrombi in the main pulmonary arteries (arrows), while no filling defects are demonstrated in the repeat study (**C** and **D**).](ccrep-9-2016-103f2){#f2-ccrep-9-2016-103}
